Durante nossos estudos visando a obtenção de microorganismos endofíticos associados a plantas tropicais, um fungo do grupo Xylareaceae foi isolado das partes internas dos frutos de Sapindus saponaria. Os frutos de S. saponaria acumulam grande quantidade de saponinas triterpênicas e sesquiterpênicas. A saponina
Introduction
As part of our investigations on the chemical aspects of tropical plants and microorganisms interactions, we have been studying the plant Sapindus saponaria (Sapindaceae). Following many other Sapindaceas, S. saponaria produces annually great amounts of small fruits where a sap is accumulated. 1 Studying the glycoside composition of this soap by means of mass spectrometry coupled with liquid chromatography (LC-MS), it was found that those fruits accumulate on their pericarp huge amounts of monodesmosidic triterpene (SAPs) and bisdesmosidic sesquiterpene (acyclic sesquiterpene oligoglycosides, ASOGs) acetylated saponins. 2 Saponins are usually referred as antifungal and antibacterial compounds, being the monodesmosidic the most active ones. 3, 4 These compounds form a group of chemical weapons used by plants in the fight against fungi, and the protection against pathogenic microbes is probably their natural role in plants. [4] [5] [6] Despite this status of saponins as antimicrobial compounds, during our chemical studies on S. saponaria fruits it was observed that a fungus grows from a hairy structure attached to the seeds. The seeds are in contact with the pericarps where saponins are accumulated. In our previous studies this fungus was isolated and tentatively classified as a member of Xylareaceae, based on morphological characteristics and secondary metabolite profile, and we have also reported that this fungus is able to metabolize the glycosides present in S. saponaria fruits. 7 Thus, using LC-MS it was shown that the ASOGs are completely consumed by this Xylareaceous fungus, while the SAPs and some exogenous glycosides are hydroxylated at the aglicon part of the molecule, in a small scale fermentation experiment. In the present work, the saponin 1 (Figure 1 ) was purified from a saponificated extract obtained from fruits of S. saponaria and used for a scaled up biotransformation reaction. We describe here this biotransformation experiment and a complete structural characterization of the hydroxylated saponin produced by the fungus.
Results and Discussion
In a previous work, we have shown that the saponins produced by S. saponaria occur as a complex mixture of naturally non-regiosselective acetylated glycosides. 2 Alkaline hydrolysis of these natural glycosides produced simplified mixtures of compounds formed of only four SAPs and five ASOGs. Preparative scale HPLC separation of the SAP fraction let to isolation of pure saponin 1, which was characterized as 3-O-( -D-xylopyranosyl)-(1 3)--L-rhamnopyranosyl-(1 2)--L-arabinopyranosylhederagenin by comparison of both MS and NMR spectra with those published by Grover and co-workers. 8 Saponin 1 (100 mg) was submitted to biotransformation experiment and, after the conclusion of this experiment, it was isolated 18 mg (18% yield) of the hydroxylated compound 2. The MS data indicated that 2 was produced by the addition of an oxygen atom in The position where the oxygen atom was added in the saponin 1 was suggested by interpretation of NMR spectral data analyzed in comparison with the saponin starting material and model compounds found in the literature. The 1 H NMR spectrum of 2 shows five signals for methyl groups ( 1.34, 3H-27; 1.15, 3H-24; 1.09, 3H-30;
1.09, 3H-26; 1.00, 3H-25; 0.98, 3H-29) like found in spectrum of 1.
The 2D 1 H -1 H TOCSY spectrum of 2 showed three continuous spin systems for rings A (H-1 to H-3), B (H-5 to H-7) and C (H-9 to H-12). These correlations are A literature survey covering the recent publications on saponin and triterpene molecular structures revealed three compounds interesting for comparison with 2. Thus, the 13 C NMR spectrum of 2 was compared with a 16-hydroxyoleanolic acid derived saponin isolated from Albizia procera, 9 a triterpene 21-hydroxyhederagenin, 10 and finally with scoparianoside (3), a 22-hydroxyolenolic acid derived saponin, isolated from fruits of Kochia scoparia. 11 The best mach found indicated compound 2 to be a 22-hydroxy saponin. The 13 C NMR data of 2 (Table 1) shows good agreement ( close to zero) with those of 3 considering the signals for carbons at rings D and E. The chemical shift of C-17 ( 53.0) appears to be a good guide for the assignment of the hydroxyl group at C-22, since it is at ca. 46.0 -48.0 in other rings D/E hydroxylated compounds. [9] [10] [11] In the same way observed for scoparianoside (3) of the C-22-hydroxyl over C-16 ( 16.7) and a nOe between H-22 and 3H-29 observed in ROESY spectrum indicates that compound 2 is a 22 -hydroxylated product of 1.
In general, deglycosylations (hydrolysis at the sugar chain) are frequently reported as saponin metabolisms done by microorganisms. [12] [13] [14] Hydroxylation (monooxygenase expression) is the reaction that occurred in saponin 1. This biochemistry process may find important technological application since expression of monooxigenase from fungi in saponins is not commonly found in the literature.
Experimental

Equipment
Preparative scale HPLC separations were performed using a Shimadzu equipment (LC-8A pump, CBM-10A communication module) equipped with an UV detector (SPD-6AV) set at 206 nm. HPLC grade acetonitrile (ACN) was obtained from Mallinckrodt, and H 2 O was purified in a Milli-Q system (Millipore). ESI-MS/MS spectra were acquired in negative ion mode on a triple quadrupole Micromass Quattro LC spectrometer, equipped with a Z-Spray API ion source and a megaflow electrospray probe. NMR spectra were recorded in C 5 D 5 N (Aldrich) on a Bruker DRX 400 spectrometer operating at 400 MHz for hydrogen and 100 MHz. Some analysis were also performed using a Bruker AV 500 Ultrashield spectrometer operating at 500 MHz for , with UV detection at 206 nm. 
3-O-( -D-xylopyranosyl)-(1 3)--L-rhamnopyranosyl-(1 2)--L-arabinopyranosyl-hederagenin (1)
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Isolation of fungus
Details of fungus isolation procedures and tentative identification are described elsewhere. 7 After their isolation, the fungus was labeled with the code LaBioMMi217 and deposited at the Laboratory Biochemistry and Micromolecular of Microorganisms -LaBioMMi -of the Chemistry Department of the Federal University of São Carlos, São Carlos, Brazil.
Biotransformation experiments and chemical analysis
The fungus was seeded in a Petri dish containing PDA (potato-dextrose-agar) and allowed to grow for 12 o C, 25 min) and then pieces of the PDA (potatodextrose-agar) culture containing mycelium were added to fifteen of the twenty flasks (five were kept as control) and were allowed at 25 0 C standing in the dark during 15 days. The mycelium was separated by gravity filtration and the liquid phase was concentrated under reduced pressure and finally lyophilized. The extract was repetitively subjected to preparative scale separations using the same conditions described above for the isolation of 1. These procedures let to isolation of 18.0 mg of pure saponin 2. The ESI-MS/ MS spectra were acquired in negative ion mode on a triple quadrupole Micromass Quattro LC spectrometer. The desolvation and ion source block temperatures were set, respectively, at 300 and 125 o C. Gaseous N 2 was used to nebulize (80 L/H) and desolvate (350 L/H). The optimal voltages found for the probe and ion source components to produce maximum intensity of the ions [M-H] -were 3.3 kV for the stainless steel capillary, 38V for the sample cone, and 6V for the extractor cone. The parent/daughter runs (MS/MS) were performed by adding Ar in the collision cell to produce a pressure of 1.5 x 10 -3 mBar for collisional induced dissociation (CID). The optimal collisional energy used to decompose the ions [M-H] -was 25-30 eV. 
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